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the	 chorioamniotic	membranes	 from	women	who	underwent	 spontaneous	 term	or	
preterm	labor	with	acute	chorioamnionitis.




(n=10	 each).	NETs	were	 visualized	 and	 semiquantified	 in	 the	 chorioamniotic	mem-
branes	by	using	antibodies	against	neutrophil	elastase	and	histone	H3	in	combination	
with	DAPI	staining.







chorioamnionitis.	 These	 findings	 suggest	 that	 chorioamniotic	 neutrophils	 can	 form	
NETs	as	a	mechanism	of	host	defense	against	infection	or	danger	signals.
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1  | INTRODUCTION
Acute	 chorioamnionitis	 is	 strongly	 associated	 with	 spontaneous	










Neutrophils	are	 rarely	seen	 in	 the	chorioamniotic	membranes	of	pa-
tients	without	acute	chorioamnionitis;47	therefore,	we	refer	to	these	
innate	 immune	 cells	 as	 chorioamniotic	 neutrophils.	 Their	 maternal	








resents	 the	 presence	 of	 intra-	amniotic	 infection,47,61,62	 we	 propose	
that	 chorioamniotic	 neutrophils	 play	 a	 role	 in	 the	maternal	 host	 re-
sponse	against	microbes	invading	the	amniotic	cavity.
In	line	with	our	hypothesis,	we	recently	demonstrated	that	amniotic	





effort	of	a	neutrophil	 to	 lyse	pathogens.65	Although	NET	 formation	 (or	











2  | MATERIALS AND METHODS
2.1 | Human subjects, clinical specimens, and 
definitions
Chorioamniotic	membrane	 samples	were	obtained	 from	 the	Bank	of	











(n=10);	 (iii)	 women	who	 underwent	 spontaneous	 labor	 at	 term	with	
acute	 chorioamnionitis	 (n=10);	 (iv)	 women	 who	 delivered	 preterm	
without	 labor	 (n=10);	 (v)	 women	 who	 underwent	 spontaneous	 pre-
term	labor	without	acute	chorioamnionitis	(n=10);	and	(vi)	women	who	






















2.3 | Identification of neutrophil extracellular traps 
in the chorioamniotic membranes
Chorioamniotic	membrane	samples	were	frozen	in	Tissue-	Plus	O.C.T.	
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at	4°C	overnight	with	a	mouse	anti-	human	neutrophil	elastase	 (Cat#	
M0752,	 clone	NP57;	 DAKO,	 Glostrup,	 Denmark)	 and	 a	 rabbit	 anti-



























2.4 | Semiquantification of neutrophil extracellular 
traps in the chorioamniotic membranes
Following	 immunostaining,	 tissue	 slides	 were	 scanned	 using	 a	
Pannoramic	MIDI	Digital	Slide	Scanner	 (PerkinElmer,	 Inc.,	Waltham,	
MA,	 USA).	 The	 chorioamniotic	membrane	 section	was	 divided	 into	
quadrants	 using	 the	 scanner	 software	 (3DHISTECH	 Ltd.,	 Budapest,	
Hungary),	and	NET	semiquantification	was	performed	in	two	oppos-
ing	quadrants.	Within	each	quadrant,	five	1-	mm-	wide	sections	of	cho-







The	 SPSS	 v.19.0	 software	 (SPSS	 Inc.,	 Chicago,	 IL,	 USA)	 was	 used	
to	 analyze	 demographic,	 clinical,	 and	 NET	 semiquantification	 data.	
Normality	 of	 the	 data	 was	 tested	 using	 the	 Wilk-	Shapiro	 test.	
Comparisons	among	groups	were	performed	using	the	Kruskal-	Wallis	
test	followed	by	two-	group	comparisons	using	the	Mann-	Whitney	U-	
test.	Comparison	of	 proportions	was	made	using	 the	Fisher’s	 exact	
test.	A	P-	value	of	<.05	was	used	to	determine	statistical	significance.
3  | RESULTS
Neutrophil	 extracellular	 traps	 were	 abundant	 in	 the	 chorioamni-
otic	membranes	 from	women	who	underwent	 spontaneous	 labor	
at	 term	with	 acute	 chorioamnionitis	 (Figure	1A).	 However,	 NETs	
were	rarely	seen,	or	not	found	at	all,	 in	the	chorioamniotic	mem-
branes	 from	 women	 who	 underwent	 spontaneous	 labor	 at	 term	
without	 acute	 chorioamnionitis	 or	 those	 who	 delivered	 at	 term	
without	labor	(Figure	1A).	Magnifications	of	the	NETs	found	in	the	
chorioamniotic	membranes	 from	women	who	underwent	 sponta-
neous	 term	 labor	with	 acute	 chorioamnionitis	 demonstrated	 that	
these	 traps	 contain	 neutrophil	 elastase	 and	 histone	 H3	 (white	
arrows;	 Figure	1B)	 as	 well	 as	 DNA	 (white	 arrows;	 Figure	1C).	
Semiquantification	revealed	that	NETs	were	more	abundant	in	the	
amnion	 (Figure	1D)	 and	 choriodecidua	 (Figure	1E)	 from	 women	
who	underwent	 spontaneous	 labor	at	 term	with	acute	chorioam-
nionitis	 than	 in	 those	without	 this	placental	 lesion	who	delivered	
at	 term	 with	 or	 without	 labor.	 A	 3D	 reconstruction	 shows	 that	
NETs	 are	 located	 in	 the	 amnion	 and	 choriodecidua	 from	women	
who	underwent	 spontaneous	 labor	at	 term	with	acute	chorioam-
nionitis	 (Video	 S1).	 A	 snapshot	 of	 this	 3D	 reconstruction	 shows	
that	 chorioamniotic	 membrane	 NETs	 contain	 neutrophil	 elastase	




rioamnionitis	 (Figure	3A).	 However,	 NETs	were	 rarely	 seen,	 or	 not	
found	 at	 all,	 in	 the	 chorioamniotic	 membranes	 from	 women	 who	
underwent	 spontaneous	 preterm	 labor	 without	 acute	 chorioam-
nionitis	 or	 those	who	 delivered	 preterm	without	 labor	 (Figure	3A).	
Magnifications	of	the	NETs	found	in	the	chorioamniotic	membranes	
from	women	who	underwent	spontaneous	preterm	labor	with	acute	
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elastase	 and	histone	H3	 (white	 arrows;	 Figure	3B)	 as	well	 as	DNA	
(white	 arrows;	 Figure	3C).	 Semiquantification	 revealed	 that	 NETs	
were	more	 abundant	 in	 the	 amnion	 (Figure	3D)	 and	 choriodecidua	
(Figure	3E)	 from	 women	 who	 underwent	 spontaneous	 preterm	
labor	 with	 acute	 chorioamnionitis	 than	 in	 those	 without	 this	 pla-
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4  | DISCUSSION
Acute	 chorioamnionitis	 generally	 represents	 the	 presence	 of	 intra-	
amniotic	infection,47,61,62	a	clinical	condition	characterized	by	a	local	
inflammatory	 response	 containing	 abundant	 leukocytes72-76	 and	
elevated	 concentrations	of	 pro-	inflammatory	mediators	 such	 as	 cy-
tokines.25,58	 Recently,	 we	 characterized	 the	 cellular	 composition	 of	
this	 local	 inflammatory	 response	 using	 immunophenotyping.77	 We	
found	 that	 neutrophils	 are	 the	 most	 abundant	 leukocyte	 subset	 in	
the	amniotic	cavity	of	women	with	intra-	amniotic	infection,77 which 
is	 consistent	with	 previous	 observations.72	 Such	 neutrophils	mainly	
express	 pro-	inflammatory	 cytokines	 such	 as	 TNF-	α,	 MIP-	1β,	 and	
IL-	8.77	These	cytokines	are	 implicated	 in	 the	processes	of	 term	and	
preterm	parturition.10-13,25,78-82	In	addition,	amniotic	fluid	neutrophils	
form	NETs	in	patients	with	intra-	amniotic	infection,	which	represents	
a	new	mechanism	 for	 trapping	 and/or	 killing	microbes	 invading	 the	
amniotic	cavity.63	Amniotic	fluid	neutrophils	are	considered	to	be	of	
fetal	origin;83,84	however,	 these	 innate	 immune	cells	have	also	been	




fetal	 and	maternal	 neutrophils.	 In	 such	 cases,	 maternal	 neutrophils	
could	be	migrating	from	the	decidual	vessels	into	the	chorion	and	am-
nion,	 causing	 acute	 inflammation	of	 the	 chorioamniotic	membranes	












stress.91	 NETs	 can	 also	 be	 formed	 in	 sterile	 inflammation,	 as	 both	
alarmins	and	pathogen-	associated	molecular	patterns	(PAMPs)	use	the	
same	sensor	molecules	or	pattern	recognition	receptors.92	Particularly,	
the	 high-	mobility	 group	 box-	1	 (HMGB1,	 a	 prototypical	 alarmin93,94)	
protein	 can	 induce	NET	 formation	via	TLR4,95	 the	 sensor	molecule	
for	 lipopolysaccharide	 from	Gram-negative	bacteria.96	The	 fact	 that	
HMGB1	induces	NETs	 is	relevant	because	 (i)	amniotic	fluid	HMGB1	
concentrations	 are	 higher	 in	women	with	 intra-	amniotic	 infection97 
or	clinical	chorioamnionitis98	than	in	those	without	these	clinical	con-
ditions;	(ii)	patients	with	sterile	intra-	amniotic	inflammation	and	high	
amniotic	 fluid	 HMGB1	 concentrations	 delivered	 earlier	 than	 those	
with	 low	concentrations	of	 this	alarmin;85	 (iii)	 the	 intra-	amniotic	ad-











of	 acute	 chorioamnionitis	 form	NETs.	These	 data	 suggest	 that	 cho-
rioamniotic	neutrophils	 form	NETs	 in	response	to	microbes	 invading	
the	amniotic	cavity	(ie,	intra-	amniotic	infection)	or	danger	signals	de-
rived	from	the	amniotic	fluid	or	chorioamniotic	membranes	(ie,	sterile	
intra-	amniotic	 inflammation).	Collectively,	 these	findings	 provide	 in-
sight	 into	the	functions	of	 infiltrating	neutrophils	 in	the	chorioamni-
otic	membranes	 from	women	who	underwent	 spontaneous	 term	or	
preterm	labor	with	acute	chorioamnionitis.
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